Background: Traditionally, laparotomy/thoracotomy is the standard approach for thoracoabdominal injuries. However, it has a non-therapeutic rate of 12-40% and 40% morbidity. Laparoscopy, as a diagnostic and therapeutic modality, has evolved to be integral to general and subspecialty surgeons in the management of patients. However, its use in the field of trauma surgery has been limited. We present a case of traumatic diaphragmatic injury from a low velocity penetrating wound successfully repaired through laparoscopic approach.
Introduction
Traumatic injuries to the diaphragm were previously diagnosed in autopsies, first of which was in 1541 by Sennertus, it was only in 1800s that diaphragmatic injuries were diagnosed antemortem [1] . Diaphragmatic injury as a result of penetrating trauma ranges from 0.8% to 15% [2] . This was traditionally managed by mandatory exploration on the premise that it was the only way to ensure that no associated intraabdominal injuries have been missed. However, studies have shown that 12-40% of these were nontherapeutic explorations, for which, prompted the need for alternative approach to the management of traumatic diaphragmatic injury (TDI).
The first reported laparoscopy for TDI was in 1984 by Adamthwaite, when he performed laparoscopy for 10 suspected TDI patients. Of the ten, 2 did not show any injury to the diaphragm, thus avoiding a non therapeutic laparotomy [3] . Ten years later the first therapeutic laparoscopy for TDI was done, saving the patient a laparotomy.
We describe hereinto, the application of primary repair for a penetrating TDI successfully done through the laparoscopic approach. This is followed by a review of current existing literature on laparoscopic approaches to TDI.
Case
A 20 year old male, with unremarkable past medical history, presented to the emergency department(ED) with penetrating abdominal injuries. On primary survey, he was not in respiratory distress, not tachycardiac and normotensive. He sustained multiple stab wounds, 1 × 2 cm at level of T12, at the right flank, and a 1 × 2 cm at 7th intercostal space mid axillary line on the left. On auscultation there was decreased air entry in the left lung field with basal crackles. He was resuscitated according to ATLS protocols. Supine chest X-ray was negative for pneumothorax and hemothorax. (Fig. 1 ) Focused Abdominal Sonography for Trauma (FAST) showed no evidence of free fluid in all four compartments. He remained stable while in emergency department.
A computed tomography (CT) scan of abdomen with IV contrast was performed. It revealed two stab wounds. One over the right flank extending to subcutaneous layer at the inferior edge of right latissimus dorsi with hematoma, without peritoneal breach. (Fig. 2) . The other was over the left posterolateral inferior chest wall. A small left pneumothorax with minimal atelectasis was noted. A focal defect of 1.5 cm was seen over the lateral aspect of the left diaphragm with protrusion of a small amount of peritoneal fat and a nub of the spleen through the defect. Minimal amount of hemoperitoneum was noted.
Surgical technique
A 32F chest tube was inserted on the left thoracic cavity prior to surgery. He subsequently counselled and consented for a diagnostic laparoscopy and, keep in view open, repair of the diaphragmatic injury. An indwelling Foley catheter and Nasogastric tube were inserted post induction.
A 10 mm infraumbilical laparoscopic port was inserted and the CO 2 pneumoperitoneum was created. Under direct visualization, three 5 mm ports were inserted, one in epigastrium and two in the left subcostal area. A diagnostic laparoscopic assessment of the intra-abdominal organs was performed. A 2 cm left diaphragmatic laceration with an omental plug was noted. Manual reduction was performed by gently pulling on the omentum. (Figs. 3 and 4) . A grade 1 splenic laceration was also noted on the superior pole with no active bleeding. A minimal amount of blood was noted in the pelvis. The left thoracic cavity was noted to be clean with no contamination. Both the left subdiaphragmatic space and left thoracic cavity were irrigated copiously. The diaphragmatic laceration was repaired incontinuity using V-loc 3/0 suture, a hemolock clip was placed at end of suture. (Fig. 5 ) During the operation, the left chest tube was intermittently clamped and released as needed to prevent the loss of pneumoperitoneum and also to avoid a tension pneumothorax.
The patient was extubated prior to transfer to Post Anesthesia Care Unit (PACU), and was subsequently sent to high dependency unit with adequate pain control and respiratory support. A chest X ray on post-operative day 3 showed good reexpansion without residual hemothorax. The left chest tube was removed and he was discharged the next morning. Fig. 1 . Chest X ray on arrival.
Discussion
During the initial assessment of any trauma patient, chest and pelvic radiographs are done as dictated by ATLS protocol. Hard signs for diaphragmatic injury, such as coiled nasogastric tube (in the chest) and a supradiaphragmatic air-fluid level are not always seen in plain supine CXR. Such CXRs have a sensitivity of only 22.8% when read and interpreted by a trauma leader in the trauma bay [4] .Defects on the diaphragm usually do not manifest on initial plain films unless the intrathoracic and abdominal pressures equalize causing the visceral organs to herniate into the defect.
The advent of multi-slice detector CT scans have increased the yield of diagnosing diaphragmatic injuries with a sensitivity and specificity of 87% and 72% respectively for penetrating trauma. CT signs have been used to describe injuries to the diaphragm, such as 'collar sign', which is constriction of herniated viscus into the defect [5] . However, this modality should be used for patients who are hemodynamically stable, with no obvious peritonitis or evisceration. Its indiscriminate use should be avoided in view of risks such as unnecessary radiation exposure and most importantly, possible delays in management.
The surgical management of TDI was conventionally done through exploratory laparotomy mainly to prevent missed associated injuries. This necessitates extensive upper midline laparotomy incision, which usually is complicated by postoperative pain, reduced respiratory efforts and wound infections. The use of laparoscopy in trauma patients has reduced the need for nontherapeutic laparotomy by a median of 57% (range 17-89%) [6] . The length of stay (LOS) for non-therapeutic laparoscopies was 1.5 days compared to 5.2 days for non-therapeutic laparotomies [7] . In a cost analysis study, it showed that laparoscopy, including costs incurred for patients who were converted to laparotomy, had significantly lower costs than laparotomy, with a total savings of US$1059 per laparoscopy performed [8] . The use of laparoscopy in the field of trauma is limited by concerns regarding missed injuries as demonstrated by a study which showed 18% sensitivity of laparoscopy for hollow viscus injuries [9] . Laparoscopy for these types of injuries may be of limited value at this time but has good potential to improve with more experience with this technique. However, the most beneficial role of laparoscopy for trauma is for hemodynamically stable patients with penetrating wounds to the thoracoabdominal area. Injuries to the diaphragm is the most frequently missed but has complications of potential herniation and even strangulation of abdominal organs through the diaphragmatic defect which may manifest itself months after the incident. Laparoscopy has a sensitivity, specificity and negative predictive value of 100%, 87.5% and 96.8% for diaphragmatic injuries after penetrating trauma [10] . The Eastern Association for the Surgery of Trauma (EAST) has recently established the role of laparoscopy for these patients and recommended that diagnostic laparoscopy should be strongly considered in patients with penetrating trauma to the left thoracoabdominal area who have no other indications for laparotomy to rule out and to potentially repair diaphragmatic injuries [11] . In a study by Mandala, et al., he mentioned several indications for the use of laparoscopy for penetrating trauma as shown in Table 2 [12] .
Prior to induction, a decision was made to place a 32F chest tube on the affected side where the diaphragmatic defect was. This is to prevent the exacerbation of pneumothorax, a difficulty in maintaining pneumoperitoneum without compromising ventilation and retention of carbon dioxide into the thoracic cavity once the pneumoperitoneum is created on abdominal insufflation. The thoracostomy tube was intermittently clamped and released to allow escape of carbon dioxide and minimize changes in hemodynamic and respiratory variables, such as airway pressure and end-tidal CO2, which will ultimately affect ventilation [11] . Intermittent clamping of the tube also minimizes the loss of pneumoperitoneum, allowing laparoscopy to proceed with adequate visualization. Studies have shown that flow rate of 10 mm Hg is adequate to have good visualization and a tension-free closure of the diaphragmatic defect.
For small diaphragmatic rents, some surgeons prefer not to insert a chest tube prior to surgery. If this is the preferred method, a rubber catheter is placed through the laceration in the diaphragm and into the thoracic cavity, via one of the port sites and then connected to suction. Air and fluid are then evacuated as closure of defect is done. With the lungs in maximal inspiration, the last stitch is drawn and the catheter pulled out of the chest. Postoperatively, chest radiograph is mandatory to ensure absence of pneumothorax.
Repair of any diaphragmatic injury depends on the severity of injury and the associated amount of tissue loss. Table 1 summarizes the recommended repair of diaphragmatic injury based on injury grade [13] . (Refer to Table 1 .) However, majority of surgeons still prefer interrupted in two layers using non-absorbable 2-0 or 1-0 monofilament or braided suture. The basic principles of a tension-free repair still apply for laparoscopically sutured defects. A figure-of-eight or horizontal mattress, either with single layer repair or two-layer closure can be done. If it appears that tension cannot be avoided, pledgets can be used to prevent tearing of the diaphragmatic muscle. Larger defects would require either a use of PTFE mesh or an advancement flap if significant tissue loss is present.
The author used the V-lock® 3-0, non-absorbable suture for the repair of the diaphragmatic rent. V-lock® is an endo stitch that has barb and loop design that eliminates the need for knot tying. The barbs grasp the tissue at different points to spread the tension across the wound providing closure [14] . Choice of suture and technique of suturing is highly dependent on the surgeon's experience with the material being used (Table 3) .
Conclusion
Published studies on the use of laparoscopy for diaphragmatic injuries are limited and results varied. In this study, we demonstrated the use of laparoscopy in the diagnosis and definitive care of a patient with TDI from a low velocity wound. The peri-operative insertion of a chest tube is dependent on the open communication between the surgeon and anesthesiologist. We have presented a case of penetrating TDI successfully and safely managed with diagnostic laparoscopy and laparoscopic repair of the diaphragmatic injury.
There is a shift in the current standard of care for penetrating thoraco-abdominal injuries in hemodynamically stable patients towards a minimally invasive technique. Laparoscopy is slowly becoming a surgical alternative to the traditional laparotomy. It is becoming a promising, better and practical therapeutic option, for carefully selected patients. Therefore, we recommend that a laparoscopic approach to penetrating thoraco-abdominal TDIs be an option in managing such patients.
